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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a wireless 
communication system, apparatus, and method to com- 
municate using a plurality of communication slots in time 
division multiple access technique. 
[0002] In conventional time division multiple access 
communication in a wired network using an ISDN net- 
work, a communication apparatus can perform commu- 
nication using two communication slots (e.g.. B1 and B2 
channels), 

[0003] However in time division multiple access com- 
munication using radio channels, such as a personal 
handyphone system (PHS) and a personal digital cellu- 
lar (PDC). when a communication apparatus communi- 
cates with another communication apparatus, the com- 
munication is performed using only one of a plurality of 
communication slots of a communication frame. Com- 
munication using two or more communication slots has 
not been performed. 

[0004] Thus, in the conventional wireless time division 
multiple access communication, communication is per- 
formed using only one communication slot: accordingly 
communications traffic between two radio communica- 
tion apparatuses is limited to the channel capacitance 
of one communication slot (e.g., 32kbps in PHS). There- 
fore, the conventional radio communication apparatus 
Is not suitable for transmitting non-audio data, for in- 
stance, which is more frequently transmitted than be- 
fore. 

[0005] Further, if communication using two or more 
communication slots in time division multiple access 
technique via radio channels is tried, difficulties occur, 
since wireless commuriication is easily interfered by e. 
g., other wireless communication and electromagnetic 
wave generated by electrical appliance, compared to 
wired communication. Therefore, when wireless com- 
munication is performed using, e.g., two communication 
slots, either or both of the channels would be interfered 
frequently, which may interrupt the communication. 

SUMMARY OF THE INVENTION 

[0006] The present invention has been made in con- 
sideration of the above situation, and has as its object 
to keep the same or similar communications traffic via 
a plurality of communication slots even after troubles oc- 
cur and one or more of the communication slots become 
useless white communicating between radio communi- 
cation apparatuses. 

[0007] It is another object of the present invention to 
prevent a drop of communications traffic or keep a drop 
of communications traffic as low as possible, at least, 
when a radio channel of a communication slot is deteri- 
orated. 

[0008] Further, it is another object of the present in- 



vention to maintain a current wireless link and provide 
information for executing an application suitable for the 
status of a channel by informing the application of the 
status of communications traffic due to a decrease in 
the number of available communication slots when a de- 
crease of communications traffic can not be avoid. 
[0009] Other features and advantages of the present 
invention will be apparent from the following description 
taken in conjunction with the accompanying drawings, 
in which like reference characters designate the same 
or similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The accompanying drawings, which are incor- 
porated in and constitute a part of the specification, il- 
lustrate embodiments of the invention and, together with 
the description, serve to explain the principles of the in- 
vention. 

Fig. 1 shows a configuration of a system according 
to a first embodiment of the present invention; 
Fig. 2 is a conceptual view showing utilization of 
communication slots of a PHS data communication 
system according to the first embodiment of the 
present invention: 

Fig. 3 shows a mapping of physical slots of carriers 
in PHS; 

Fig. 4 is a block diagram illustrating a configuration 
of a radio communication terminal (PS) according 
to the first embodiment of the present invention; 
Fig. 5 is a block diagram illustrating a configuration 
of a radio base station (CS) according to the first 
embodiment of the present invention; 
Fig. 6 is a conceptual view showing switching oper- 
ation of communication carriers when trouble oc- 
curs during communication according to the first 
embodiment of the present invention; 
Fig. 7 is a flowchart showing an operation sequence 
of a radio controller of a radio base station (CS) ac- 
cording to the first embodiment of the present in- 
vention: 

Fig. 8 is a flowchart showing an operation sequence 
of the radio controller of the radio base station (CS) 
according to the first embodiment of the present in- 
vention; 

Fig. 9 is a flowchart showing an operation sequence 
of the radio controller of the radio base station (CS) 
according to the first embodiment of the present in- 
vention; 

Fig. 10 is a flowchart showing an operation se- 
quence of a controller of a radio communication ter- 
minal (PS) according to the first embodiment of the 
present invention: 

Fig. 11 is a sequential chart showing switching of 
communication carriers according to the first em- 
bodiment of the present invention; 
Fig. 12 is a conceptual view showing switching of 
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communication slots according to a second embod- 
iment of the present invention; 
Fig. 13 is a flowchart showing an operation se- 
quence of a radio controller of a radio base station 
(CS) according to the second embodiment of the 
present invention; 

Fig. 14 is a flowchart showing an operation se- 
quence of the radio controller of the base station 
(CS) according to the second embodiment of the 
present invention; 

Fig. 15 is a flowchart showing an operation se- 
quence of the radio controller of the base station 
(CS) according to the second embodiment of the 
present invention: 

Fig. 16 is a flowchart showing an operation se- 
quence of a controller of a radio communication ter- 
minal (PS) according to the second embodiment of 
the present invention: 

Fig, 17 is a conceptual view showing switching of 
communication carriers and communication slots 
according to a third embodiment of the present in- 
vention; 

Fig. 18 is a flowchart showing switching processing 
of communication carriers and communication slots 
of a radio controller of a radio base station (CS) ac- 
cording to the third embodiment of the present in- 
vention; 

Fig. 19 is a flowchart showing switching processing 
of communication carriers and communication slots 
by the radio controller of the radio base station (CS) 
according to the third embodiment of the present 
invention; and 

Fig. 20 is a flowchart showing switching processing 
of communication siots by a controller of a radio 
communication terminal (PS) according to the third 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0011] Preferred embodiments of the present inven- 
tion will be described in detail in accordance with the 
accompanying drawings. 

<First Embodiment> 

[0012] In the first embodiment, a wireless data com- 
munication using two communication slots of a single 
carrier (frequency) by a personal handyphone system 
(PHS), which is one type of digital codeless telephones 
in Japan, as a wireless communication medium capable 
of performing multiple access-duplex (TDMA-TDD) 
communication, a wireless communication using a plu- 
rality of communication slots assigned in a plurality of 
carriers, is explained. 

[0013] During the communication, when either or both 
of the two communication slots are interfered by, e.g., 
other wireless communication and electromagnetic 



wave generated by electrical appliances, the carrier of 
the interfered slots is changed to another carrier to con- 
tinue the communication. 

[0014] Fig. 1 shows a system configuration according 

5 to the first embodiment. 

[0015] In Fig. 1 , reference numeral 101 denotes a ra- 
dio communication terminal (PS), using a PHS as a 
wireless communication device, capable of connecting 
to a data processing apparatus, such as a personal 

10 computer; 102, a radio base station (CS) for connecting, 
by wireless means, to the terminal 101: 103, an Integrat- 
ed Services Digital Network (ISDN) including the base 
station 102; and 104, personal computers (PC), capable 
of connecting to the terminal 101, on which an applica- 
lion is executed. 

[0016] In the first embodiment, the terminal 101 is 
connected to the PC 104, and data from the PC 104 is 
transmitted using a radio communication function of the 
terminal 101 . 

20 [001 7] Fig. 2 is a conceptual view showing utilization 
of communication slots of a PHS data communication 
system according to the first embodiment. 
[0018] As shown in Fig. 2, a communication frame in 
the PHS is configured by four communication slots, and 

25 one of a plurality of carriers is used in each communi- 
cation frame. 

[0019] Further, in Fig. 2, references R1 to R4 collec- 
tively denote a reception frame, and references T1 to 
T4 collectively denote a transmission frame. 

30 [0020] In the first embodiment, a radio communication 
terminal uses two out of the four communication slots to 
perform communication as shown in Fig. 2 (in Fig. 2, the 
second communication slots (T2. R2) and the fourth 
communication slots (T4, R4)). 

35 [0021] Fig. 3 shows a mapping of physical slots of car- 
riers in the PHS. 

[0022] Fig. 4 is a block diagram illustrating a configu- 
ration of the terminal (PS) 101 . 

[0023] In Fig. 4, reference numeral 401 denotes a ra- 
40 dio frequency (RF) unit, and reference numeral 402 de- 
notes a dual f ramer/def ramer. The dual framer/deframer 
402 divides data of 64kbps inputted from an application 
into data of 32kbps, stores the data of 32kbps in two 
communication slots each having channel capacitance 
45 of 32kbps, assembles the four communication slots into 
a communication frame. Further, the framer/deframer 

402 disassembles data of 32kbps corresponding to two 
communication slots received by the RF unit 401 , as- 
sembles the data of 32kpbs into data of 64kbps and 

50 passes the data to the application. Furthermore, the 
framer/deframer 402 intercedes with the RF unit 401 for 
setting frequency data, and determines whether or not 
there is a carrier, on the basis of the intensity of received 
electric field (Rssi) inputted from the RF unit 401 . In ad- 

ss dition. the framer/deframer 402 can perform data check 
(CRC check) on a received frame. Reference numeral 

403 denotes a controller for administering a communi- 
cation protocol and other operations on the basis of a 



3 



5 



EP 0 895 437 A2 



6 



program stored in ROM 407. Further in the controller 
403, there are the ROM 407 which stores a program for 
the controls and RAM 408 which serves as a work area. 
[0024] Reference numeral 404 denotes an audio co- 
dec used in audio communication; 405. a communica- 
tion application executed by the PC 104 shown in Fig. 
1 : and 406, an antenna. 

[0025] Fig. 5 is a block diagram illustrating a configu- 
ration of a radio base station (CS) 102. 
[0026] In Fig. 5, reference numerals 501 and 502 de- 
note RF units, and reference numeral 503 denotes a 
quad framer/def ramer The framer/deframer 503 stores 
the data of 64kbps in two communication slots, used by 
a radio communication terminal, out of a communication 
frame configured by four communication slots each hav- 
ing channel capacitance of 32kbps. and assembles the 
four communication slots into a communication frame. 
Further, the framer/deframer 503 disassembles data, 
corresponding to two communication slots of 32kbps, 
received by the RF units 501 and 502, and assembles 
the data of 32kpbs into data of 64kbps so as to be 
passed to the ISDN. Furthermore, the framer/deframer 
503 intercedes with the RF units 501 and 502 for setting 
frequency data, and determines whether or not there is 
a carrier, on the basis of the intensities of received elec- 
tric fields (Rssi) inputted from the RF units 501 and 502, 
In addition, the framer/deframer 503 can perform data 
check (CRC check) on a received frame. Reference nu- 
meral 504 denotes a radio controller for administering 
radio communication protocol and various kinds of radio 
controls on the basis of a program stored in ROM 512. 
The radio controller 504 includes the ROM 512 which 
stores the program for the controls and RAM 513 which 
serves as a work area. 

[0027] Reference numeral 505 denotes a control in- 
formation buffer for controlling transmission and recep- 
tion between the radio controller 504 and a wire control- 
ler 507; 506. a data transmission storage buffer which 
interfaces between the quad framer/deframer 503 and 
a framer/deframer 508 for transmission of data (e.g., au- 
dio digital data or unlimited digital data): and 507, the 
wire controller for administering a wire communication 
protocol and various kinds of wire communication con- 
trols on the basis of a program stored in ROM 514. The 
wire controller 507 includes the ROM 514 which stores 
the program for the controls and RAM 515 which serves 
as a work area. 

[0028] Reference numeral 508 denotes the framer/ 
deframer for performing transference of frame configu- 
ration, transmitted data, and control data for performing 
PHS communication and ISDN communication; and 
509, an ISDN interface (l/F) which is a communication 
interface to an ISDN line. 

[0029] Since PHS is used in the wireless communica- 
tion of the first embodiment, two communication slots, 
each having the channel capacity of 32kbps, are used 
to communicate at a rate of 64kbps. The data transmit- 
ted via the two communication slots is transmitted 



through a channel Bch (64kbps) of the ISDN. 
[0030] In order to realize the above communication, 
a dual (i.e., two-channel) framer/deframer 402 is provid- 
ed to the terminal (PS) 401 , and communication is per- 

5 formed using the single RF unit 401 via a pair of com- 
munication slots (e.g. , a pair of the first and second com- 
munication slots or a pair of the second and fourth com- 
munication slots), where one of the two communication 
slots is used as a guard slot. 

10 [0031] Note; in Figs. 1 and 2. communication is per- 
formed using the second and fourth communication 
slots. 

[0032] Further, the base station (CS) 102 has the 
quad (i.e.. four-channel) framer/delramer 503, andcom- 

is munication is performed using one of the RF units 501 
and 502 via a pair of two communication slots (e.g.. a 
pair of the first and second communication slots or a pair 
of the second and fourth communication slots) where 
one of the two communication slots is used as a guard 

20 slot. In the meantime, the other RF unit scans whether 
a pair of two communication slots, of another carrier, 
which is not used in the current communication (i.e., the 
second and fourth communication slots if the first and 
third communication slots are currently used in the com- 

25 munication. or the first and third communication slots if 
the second and fourth communication slots are currently 
used in the communication) is available. 
[0033] In the first embodiment, when trouble is detect- 
ed in either of the two communication slots used in the 

30 communication (i.e., an error is detected in the CRC 
check), the carrier is changed to the other available car- 
rier, which is scanned by the RF unit, so as to maintain 
proper communication. 

[0034] Fig. 6 is a conceptual view showing a commu- 
35 nication carrier switching operation performed when 
trouble occurs during communication. 
[0035] In Fig. 6. reference numeral 601 denotes a car- 
rier (f1) to be changed; and 602, a carrier (f2) to be 
changed to. 

40 [0036] While communicating by using two communi- 
cation slots (second and fourth communication slots in 
Fig. 6) in the carrier f1 , when more than a predetermined 
number of errors occur in one of the communication 
slots (in the first embodiment, trouble occurs in the 

45 fourth communication slot known by CRC check), the 
carrier of the slots which are used for communication is 
changed to the carrier f2 which is checked as available 
(a carrier having two available communication slots, in- 
cluding a guard slot). Thereafter, the communication is 

50 restarted via two communication slots (in Fig. 6, the first 
and third communication slots) in the carrier f2. 
[0037] Figs. 7 to 9 are flowcharts showing operations 
of the radio controller 504 of the base station (CS) 102 
for realizing the function of the first embodiment, and 

55 Fig. 1 0 is a flowchart showing operations of the control- 
ler 403 of the terminal (PS) 101 . 

[0038] Further. Fig. 11 shows a sequence of the 
switching of communication carriers. 
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[0039] The sequence shown in Fig. 11 illustrates an 
example in which, when an error is detected In the fourth 
communication slot during performing of communica- 
tion at a rate of 64kbps using the second and fourth com- 
munication slots of a carrier and necessity for the switch- 
ing of carriers is determined, communication restarts at 
a rate of 64kbps using the first and third communication 
slots after the carrier is changed to another carrier 
[0040] The base station (CS) 102 checks an error in 
the communication (CRC check), shown in Fig. 7, during 
performing the communication. 

[0041] Here, it is assumed that trouble occurred in the 
fourth communication slot when performing communi- 
cation via the second fourth communication slots. 
[0042] Referring to Fig. 7, in a case where no error 
occurs in the communication slots which are in use in 
the communication (NO in step S701 ) or in a case where 
an error is detected (YES in step S701) but the error 
does not continue for more than a predetermined period 
(NO in step~S762l7 then one'^ycle of monitoring 
processing is completed. Whereas, in a case where the 
error in a communication slot is detected (YES in step 
8701) (assumed that an error occurred in the fourth 
communication slot in the first embodiment) and the er- 
ror continues for more than a predetermined period 
(YES in step S702). then the communication carrier 
switching operation is performed in step S703 (details 
are in Fig. 8). and one cycle of monitoring processing is 
completed 

[0043] The communication carrier switching opera- 
tion shown in Fig. 8 is to cope with a case where com- 
munication can be continued via at least one of a plu- 
rality of communication slots, currently secured for the 
communication, in a single carrier, but trouble occurs in 
one or more of the communication slots, which makes 
the slots useless in the communication, followed by a 
decrease in the communications traffic and a drop of 
performance of the communication application, since 
the number of available slots is decreased. 
[0044] After the communication carrier switching op- 
eration (Fig. 8) starts, first, a carrier having at least the 
same number of available communication slots as that 
of communication slots which are currently used in com- 
munication (two communication slots of the first embod- 
iment) is searched for using the RF unit (502) which is 
not currently used in the communication in step S801, 
and whether or not there is an available carrier satisfying 
the above condition (i.e., having two available commu- 
nication slots, of the first embodiment) is determined in 
step 8802. When an available carrier satisfying the con- 
dition is found (YES in step S802). then which commu- 
nication slots, of the carrier are available is checked in 
step S803. Thereafter, instruction to change the com- 
munication carriers, a designation of the change over 
carrier, and the available communication slot numbers 
in the change over carrier are notified to the terminal 
(PS) 1 01 via the second communication slot in which no 
error has occurred in step 8804. 



[0045] After a response from the terminal (PS) 101 is 
received in step S805. carriers are changed in step 
S806. At the same time, a status indicating that it is im- 
possible to change carriers is cleared in step S807. 

5 [0046] When there is no carrier having at least the 
same number of available communication slots as that 
of the communication slots in use in the communication 
(two communication slots in the first embodiment) (NO 
in step 8802), the status indicating that it is impossible 

10 to change carriers is set in step S808. then communi- 
cation slot switching operation (8809) is performed. The 
communication slot switching operation, step S809, is 
explained in detail in Fig. 9. 

[0047] Referring to Fig. 9.. after the communication 
15 slot switching operation starts, whether or not the first 
and third communication slots of the carrier which is cur- 
rently used in the communication are available is 
checked in step S901 . 

[0048] If it is determined in step 8901 that the first and 
20 "Ihird cc5rTimunicatiori slots aTe a^ then instruction 

for changing to the first and third communication slots 
is transmitted to the terminal (PS) 101 via the second 
communication slot in which no error has occurred, in 
step 8903. 

25 [0049] Then, after a response from the terminal (PS) 
101 is received in step 8904, the communication slots 
are changed within the same communication carrier in 
step 8905, and the communication is continued. 
[0050] If the first and third communication slots are 

30 not available, then the communication via the fourth 
communication slot in which an error is detected is ter- 
minated, and instruction for continuing the communica- 
tion via only the second communication slot in which no 
error is detected is sent to the terminal (PS) 101 via the 

35 . second communication slot in step 8907. 

[0051] After a response from the terminal (PS) 101 is 
received in step 8908, a decrease in communication 
speed is notified to the application software, the com- 
munication via the fourth communication slot in which 

40 errors have been detected is terminated, and the com- 
munication is continued via the second communication 
terminal in which no error has been detected in step 
S909. 

[0052] Further, in the terminal (PS) 1 01 , when instruc- 
45 lion for changing carriers is received during communi- 
cating with the base station (CS) 1 02 via the second and 
fourth communication slots, as shown in Fig. 10 (YES 
in step 81001), it outputs a response signal to the base 
station (CS) 102 in step S1005. Then, in step SI 006, 
50 the terminal (PS) 101 changes to communication slots 
of a carrier designated by the instruction to change car- 
riers received in step S1001. 

[0053] Further, when the terminal (PS) 101 receives 
instruction to change communication slots in step 
55 81003. it outputs a response signal to the base station 
(CS) 102 in step 81009, and, in step 81010, changes 
to the communication slots designated by the instruction 
to change communication slots received in step 81003. 
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[0054] Further, when instruction to terminate the com- 
munication via the communication slot in which an error 
is detected and continue the communication only via the 
communication slot in which no error has been detected 
is received in step SI 004, the terminal (PS) 101 outputs 
a response to the base station (CS) 102 in step S1011, 
and the communication via the communication slot 
through which the instruction has been received is con- 
tinued, whereas the communication via the other com- 
munication slot is terminated in step S1012. 
[0055] Note, a case where trouble occurred in one of 
two communication slots is explained in the above first 
embodiment. If troubles occur in both of the communi- 
cation slots, then the communication should be termi- 
nated. 

[0056] By controlling the communication carriers and 
communication slots as described above, when trouble 
occurs in one of two communication slots which are in 
use in communication, it is possible to continue the com- 
munication by changing the communication carriers. 
[0057] Further, if there is no communication carrier 
having two available communication slots, it is possible 
to continue communication through the communication 
slot in which no trouble occurred. 
[0058] Furthermore, since wireless communication is 
performed via two communication slots, communica- 
tions traffic in the time division multiple access commu- 
nication increases, 

[0059] Further, a decrease in the communications 
traffic is prevented when quality of radio channel dete- 
riorates. In addition, when no change over carrier is 
found, the current wireless link is maintained and a drop 
of the communications traffic due to a decrease in the 
number of the radio channels is informed to the appli- 
cation, thereby information for executing the application 
suitable for the current status of the channel is provided. 

<Second Embodiment> 

[0060] A system configuration, and configurations of 
a radio base station (CS) 101 and a radio communica- 
tion terminal (PS) 102 in the second embodiment are 
the same as those described in the first embodiment; 
accordingly, explanation of those is omitted. 
[0061] In the first embodiment, when trouble occurs 
in a communication slot, a communication carrier which 
can be changed to is searched for, and. if there is no 
available communication carrier, communication slots 
which are in use in communication are changed to other 
communication slots within the same carrier In the sec- 
ond embodiment, available slots of the same carrier are 
searched first, then, if there are not available slots, then 
the carrier is changed to another carrier. 
[0062] Further, in the first embodiment, the terminal 
(PS) 101 communicatesviaapair of two communication 
slots (the first and third communication slots, or the sec- 
ond and fourth communication slots) one of which is a 
guard slot. In the second embodiment, neither of the two 



communication slots is used as a guard slot, and any 
two of the four communication slots (first to fourth com- 
munication slots) are used for communication. 
[0063] Fig. 1 2 is a conceptual view showing switching 
5 of communication slots according to the second embod- 
iment. 

[0064] Referring to Fig. 12, when communication is 
performed using the two communication slots (second 
and fourth communication slots in Fig. 12) in a commu- 
te nication carrier f 1 , it is assumed that trouble occurred in 
one of the two communication slots and errors are re- 
peatedly detected more than a predetermined number 
of times (in the fourth communication slot in Fig. 1 2). In 
this case, while keeping the communication via the com- 
75 munication slot in which no error has been occurred (the 
second communication slot in Fig. 12), the communica- 
tion slot in which the trouble occurred is changed to an- 
other communication slot (the third communication slot 
in Fig. 1 2) in the same carrier. Thus, the communication 
20 is continued using two communication slots, namely the 
second communication slot and the newly changed third 
communication slot. 

[0065] Figs. 13 to 15 are flowcharts showing opera- 
tions of a radio controller 504 of the base station (CS) 
25 1 02 for realizing the function of the second embodiment, 
and Fig. 16 is a flowchart showing operations of a con- 
troller 403 of the terminar(PS) 101 according to the sec- 
ond embodiment. 

[0066] Note, in the second embodiment, communica- 
30 tion is performed initially using the second and fourth 
communication slot. 

[0067] Referring to Fig, 13, in a case where no error 
occurs in the communication slots which are in use in 
the communication (NO in step SI 301) or in a case 
35 where an error is detected (YES in step S 1301) but the 
error does not continue for more than a predetermined 
period (NO in step SI 302), then one cycle of monitoring 
processing is completed. 

[0068] Whereas, in a case where an error in a com- 

40 munication slot is detected (YES in step SI 301) (as- 
sumed that an error occurred in the fourth communica- 
tion slot in the second embodiment) and the error con- 
tinues for more than a predetermined period (YES in 
step SI 302), then a communication slot switching oper- 

45 ation is performed in step SI 303 (details are in Fig. 14), 
and one cycle of monitoring processing is completed. 
[0069] In the communication slot switching operation, 
communication slots are changed to other communica- 
tion slots of the same carrier in use to continue the com- 

50 munication. 

[0070] Referring to Fig. 14, after the communication 
slot switching operation starts, whether or not another 
communication slot (the first or third communication slot 
in the second embodiment), other than the communica- 

55 tion slots in use (the second and fourth communication 
slots) in the carrier which is currently used in the com- 
munication, is available is checked in step Si 401. 
[0071] If it is determined in step SI 401 that the first or 
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third communication slot is available (it is assumed that 
the third communication slot is available in the second 
embodiment), then instruction for changing the fourth 
communication slot to the third communication slot is 
transmitted to the terminal (PS) 1 01 via the second com- 
munication slot in which no error has occurred, in step 
SI 402. 

[0072] Then, after a response from the terminal (PS) 
101 is received in step SI 403, the communication slot 
is changed within the same communication carrier in 
step SI 404, and the communication is continued. 
[0073] Further, if neither the first nor third communi- 
cation slot is available (NO in step SI 401), then com- 
munication carrier switching processing is performed in 
step S1405. 

[0074] The communication carrier switching opera- 
tion shown in Fig. 1 5 is to cope with a case where com- 
munication can be continued via at least one of a plu- 
rality of communication slots, currently secured for the 
communication, in a single carrier, but trouble occurs in 
one or more of the communication slots, which makes 
the slots useless in the communication, followed by a 
decrease in the communications traffic and a drop of 
performance of the communication application, since 
the number of available slots is decreased. 
[0075] After the communication carrier switching op- 
eration (Fig. 1 5) starts, first, a carrier having at least the 
same number of available communication slots as that 
of communication slots which are currently used in com- 
munication (two communication slots in the second em- 
bodiment) is searched for using an RF unit (502) which 
is not currently used in the communication, and whether 
or not there is an available carrier satisfying the above 
condition (i.e.. having two available communication 
slots, in the second embodiment) is determined in step 
SI 501. When an available carrier satisfying the condi- 
tion is found (YES in step S 1 501 ), then which of the com- 
munication slots of the carrier are available is checked 
in step SI 502. Thereafter instruction to change the 
communication carriers, a designation of the change 
over carrier, and the available communication slot num- 
bers in the change over carrier are notified to the termi- 
nal (PS) 1 01 via the second communication slot in which 
no error has occurred in step SI 503. 
[0076] After a response from the terminal (PS) 101 is 
received in step SI 504, carriers are changed in step 
S1505 and the communication is continued. 
[0077] When no carrier having at least the same 
number of available communication slots as that of the 
communication slots in use in the communication (two 
communication slots in the second embodiment) is 
found in step SI 501. then the communication via the 
fourth communication slot in which errors have been de- 
tected is terminated, and instruction for continuing the 
communication via only the second communication slot 
in which no error has been detected is sent to the ter- 
minal (PS) 101 via the second communication slot in 
step Si 506. 



[0078] After a response from the terminal (PS) 101 is 
received in step SI 507. a decrease in communication 
speed is notified to the application software, the com- 
munication via the fourth communication slot in which 
5 errors have been detected is terminated, and the com- 
munication is continued via the second communication 
terminal in which no error has been detected in step 
SI 508. 

[0079] Further, in the terminal (PS) 101 . when instruc- 
10 Won for changing communication slots is received during 
communicating with the base station (CS) 102 via the 
second and fourth communication slots, as shown in 
Fig. 16 (YES in step 81 601), then it outputs a response 
signal to the base station (CS) 1 02 in step SI 604. Then, 
in step S1605, the terminal (PS) 101 changes to com- 
munication slots, of the same carrier, designated by the 
instruction to change communication slots received in 
step SI 601. 

[0080] Further, when the terminal (PS) 101 receives 

20 instruction to charige communication carriiBrs in step 
SI 602, it outputs a response signal to the base station 
(CS) 102 in step SI 608. and, in step SI 609, changes 
to communication slots of a carrier designated by the 
instruction to change communication carriers received 

2S in step SI 602. 

[0081] Further, when instruction to terminate the com- 
munication via the communication slot in which errors 
have been detected and continue the communication 
only via the communication slot in which no error has 

30 been detected is received in step 81603, the terminal 
(PS) 101 outputs a response to the base station (CS) 
1 02 in step Si 606, and the communication via the com- 
munication slot through which the instruction is received 
is continued, whereas the communication via the other 

35 communication slot is terminated in step S1607. 

[0082] Note, a case where trouble occurred in one of 
two communication slots is explained in the above sec- 
ond embodiment. If troubles occur in both of the com- 
munication slots, then the communication should be ter- 

40 minated, 

[0083] According to the second embodiment as de- 
scribed above, when trouble occurs in one of two com- 
munication slots which are in use in communication, if 
there is an available communication slot of the same 
4S communication carrier in use, it Is possible to continue 
the communication via two communication slots by us- 
ing an available communication slot. 
[0084] Further, even if there is no communication slot 
of the carrier in use. it is possible to continue communi- 
sm cation via two communication slots by changing to an- 
other carrier having two available carriers. 
[0085] Further, when It becomes impossible to contin- 
ue the communication via two communication slots ei- 
ther in the carrier in use or In another carrier, the com- 
55 munication Is still continued using one communication 
slot. 

[0086] Furthermore, since wireless communication is 
performed via two communication slots, communica- 
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tions traffic in the time division multiple access commu- 
nication increases. 

[00871 Further, a decrease in the communications 
traffic is prevented when quality of radio channel dete- 
riorates In addition, when there is no change over car- 
rier the current wireless link is maintained and the drop 
of the communications traffic due to the decrease in the 
number of the radio channels is informed to the appli- 
cation thereby information for executing the application 
suitable for the current status of the channel is provided. 

<Third Embodiment> 



[0088] A system contlguralion, and configurations of 
a radio base station (CS) 101 and a radio communica- 
tion terminal (PS) 102 in the third embodiment are the 
same as those described in the first embodiment; ac- 
cordingly, explanation of those is omitted. 
[0089] In the third embodiment, if trouble occurs in 
one of two communication slots when communication is 
performed via the two communication slots, the commu- 
nication is performed using two communication carriers. 
[0090] Fig. 1 7 is a conceptual view showing switching 
of communication carriers and communication slots ac- 
cording to the third embodiment. 
[0091] Referring to Fig. 17, when communication is 
performed using the two communication slots (second 
and fourth communication slots in Fig. 17) in a commu- 
nication carrier f 1 , it is assumed that trouble occurred in 
one of the two communication slots and errors are re- 
peatedly detected more than a predetermined number 
of times (in the fourth communication slot in Fig. 17). In 
this case, while keeping the communication via the com- 
munication slot in which no error occurred (the second 
communication slot in Fig. 17). the communication slot 
in which the trouble occurred is changed to a communi- 
cation slot of another carrier f2. Thus, the communica- 
tion is continued using two communication slots, namely 
the second communication slot and the newly changed 
fourth communication slot of the carrier f2. 
[0092] Flowcharts showing switching operations of 
communication carriers and communication slots, ac- 
cording to the third embodiment, performed by a radio 
controller 504 of the base station (CS) 102 are shown 
in Figs 18 and 19. and a flowchart showing switching 
operation of communication slots, according to the third 
embodiment, performed by a controller 403 of the ter- 
minal (PS) 101 is shown in Fig. 20. 
[0093] Note, in the third embodiment, communication 
is performed initially using the second and fourth com- 
munication slots of the communication carrier f1. and 
trouble occurs in the fourth communication slot. Accord- 
ingly while continuing the communication via the sec- 
ond communication slot of the carrier f1 . the communi- 
cation via the fourth communication slot of the carrier f1 
is changed to the carrier f2. Thus, the communication is 
continued using two communication slots, namely the 
second communication slot of the carrier f1 and the 



fourth communication slot of the carrier f2. 
r0094] Referring to Fig. 1 8. while communication be- 
tween the terminal (PS) 101 and the base station (CS) 
102 is carried out via two communication slots (second 

5 and fourth communication slots in the third embodiment) 
in the carrier f 1 , in a case where no error occurs in the 
communication slots which are in use in the communi- 
cation (NO in step SI 801) or in a case where an error 
is detected (YES in step SI 801) but the error does not 

10 continue for more than a predetermined period (NO in 
step SI 802), then one cycle of monitoring processing is 
completed. 

[0095] Whereas, in a case where an error in a com- 
munication slot is detected (YES in step SI 801) (as- 
15 sumed that the error occurred in the fourth communica- 
tion slot in the third embodiment) and the error continues 
for more than a predetermined period (YES in step 
SI 802) then a communication carrier and slot switching 
operation is performed in step SI 803 (details are in Fig. 
20 19), and one cycle of monitoring processing is complet- 
ed. . . . 
[0096] The communication carrier and slot switching 
operation shown in Fig. 1 9 is to cope with a case where 
communication can be continued via at least one of a 
ss plurality of communication slots, currently secured for 
the communication, in a single carrier, but trouble occurs 
in one or more of the communication slots, which makes 
the slots useless in the communication, followed by a 
decrease in the communications traffic and a drop of 
30 performance of the communication application, since 
the number of available slots is decreased. 
[0097] After the communication carrier and slot 
switching operation (Fig. 1 9) starts, first, a carrier having 
at least the same number of available communication 
3S slot or slots as that of communication slot or slots in 
which trouble occurred (one communication slots, e.g., 
the fourth communication slot, in the third embodiment) 
is searched using an RF unit (502) which is not currently 
used in the communication. Whether or not there is an 
40 available carrier satisfying the above condition (i.e 
having one available communication slot, in the third 
embodiment) is determined in step SI 901. When an 
available carrier satisfying the condition (the communi- 
cation carrier f2 in the third embodiment) is found (YES 
45 in step SI 901), then which communication slots in the 
carrier is/are available is checked in step SI 902. There- 
after instruction to change the communication earner of 
the fourth communication slots in which errors have 
been detected to the carrier f2, and the available com- 
50 munication slot number or numbers (the fourth commu- 
nication slot in the third embodiment) in the carrier f2 to 
be changed to are notified to the terminal (PS) 101 via 
the second communication slot in which no error has 
occurred in step SI 903. 
55 [0098] After a response from the terminal (PS) 101 is 
received in step SI 904, the carrier of the fourth commu- 
nication slot is changed from f1 to f2 in step SI 905 and 
the communication is continued. 
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[0099] When no carrier having at least the same 
number of available communication slot or slots as that 
of the communication slot or slots in which trouble oc- 
curred (one communication slot, e.g., the fourth com- 
munication slot, in the third embodiment) is found in step 
SI 901, then the communication via the fourth commu- 
nication slot in which errors have been detected is ter- 
minated, and instruction for continuing the communica- 
tion via only the second communication slot in which no 
error has been detected is sent to the terminal (PS) 101 
via the second communication slot in step SI 906. 
[01 00] After a response from the terminal (PS) 1 01 is 
received in step 81907, a decrease in communication 
speed is notified to the application software, the com- 
munication via the fourth communication slot in which 
errors have been detected is terminated, and the com- 
munication is continued via the second communication 
terminal in which no error has been detected in step 
SI 908. 

[0101] Further, the terminal (PS) 101, when instruc- 
tion for changing communication carriers and slots is re- 
ceived during communicating with the base station (CS) 
102 via the second and fourth communication slots of 
the carrier f1, as shown in Fig. 20 (YES in step S2001). 
it outputs a response signal to the base station (CS) 1 02 
in step S2002. Then, in step S2003, the terminal (PS) 

101 changes the fourth communication slot of the carrier 
fl to the fourth communication slot of the carrier f2 des- 
ignated by the instruction to change commun ication car- 
riers and slots received in step S2001. 

[0102] Further, when instruction to terminate the com- 
munication via the communication slot in which errors 
have been detected and continue the communication 
only via the communication slot in which no error has 
been detected is received in step S2004, the terminal 
(PS) 101 outputs a response to the base station (CS) 

102 in step 82005, and the communication via the com- 
munication slot through which the instruction is received 
is continued, whereas the communication via the other 
communication slot is terminated in step 82006. 
[0103] Note, a case where trouble occurred in one of 
two communication slots is explained in the above sec- 
ond embodiment. If troubles occur in both of the com- 
munication slots, then the communication should be ter- 
minated. 

[0104] According to the third embodiment as de- 
scribed above, when trouble occurs in one of the two 
communication slots which are in use in communication, 
the communication in the troubled communication slot 
is continued via a communication slot of another carrier; 
therefore, it is possible to continue the communication 
via two communication slots even when trouble occurs 
in a communication slot used in the communication. 
[0105] Further, when it is impossible to change a com- 
munication slot in which trouble occurred to a commu- 
nication slot of another carrier, the communication is still 
continued using one communication slot. 
[01 06J Furthermore, since wireless communication is 



continued via two communication slots, communica- 
tions traffic in the time division multiple access commu- 
nication increases. 

[0107] Further, a decrease in the communications 
5 traffic is prevented when quality of radio channel dete- 
riorates. In addition, when no available carrier is found, 
the current wireless link is maintained and a drop of the 
communications traffic due to a decrease in the number 
of the radio slots is informed to the application, thereby 
10 information for executing the application suitable for the 
current status of the channel is provided. 
[0108] Note, in the first and second embodiments, 
when two available communication slots are in one car- 
rier, communication carrier or communication slots are 
'5 changed. However, when there is no carrier having two 
available communication slots, communication is con- 
tinued using two carriers as described in the third em- 
bodiment. 

[0109] According to the first to third embodiments as 
20 described above, communication via two communica- 
tion slots has a high probability of continuing. 
[0110] Further in the first to third embodiments, as an 
example of a wireless communication system, realizing 
multiple access-duplex communication using a plurality 
25 of communication slots assigned to a plurality of com- 
munication carriers, a wireless data communication sys- 
tem whose wireless communication medium is PHS is 
explained. However, the present invention is not limited 
to this, and is also applicable to other wireless commu- 
te nication systems, such as personal digital cellular 
(PDC). personal communication service (PCS), digital 
European cordless telephone (DECT), and a wireless 
LAN adapting frequency hopping, capable of performing 
the multiple access-duplex communication using a plu- 
35 rality of communication slots assigned to a plurality of 
communication carriers. 

[0111] Furthermore, the present invention is applica- 
ble to any apparatuses and systems which perform 
time-division wireless communication. 

40 [0112] Further, according to the first to third embodi- 
ments as described above, radio communication simul- 
taneously using two communication slots is explained: 
however, the present invention is also applicable to ra- 
dio communication via more than two communication 

45 slots. 

[0113] Further, in the first to third embodiments, a ra- 
dio base station issues instruction to change communi- 
cation carriers and/or slots to a radio communication ter- 
minal. However, the terminal may issue the instruction 

50 to the base station. 

[0114] Further, in the first to third embodiments, a 
communication apparatus which multiplexes four com- 
munication slots in time division in one communication 
carrier is explained. However, the present invention is 

55 applicable to a communication apparatus which multi- 
plexes more than four communication slots of one com- 
munication carrier. 

[0115] According to the present invention as de- 
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scribed above, it is possible to keep the same or similar 
communications traffic when a radio channel of a com- 
munication slot is deteriorated. 

[01 1 6] When a drop of the communications traffic can 
not be avoid, a current wireless link is maintained, and 
information for executing an application suitable for the 
status of a channel is provided by informing the appli- 
cation of a drop of communications traffic due to a de- 
crease in the number of available communication slots. 
[0117] The present invention is not limited to the 
above embodiments and various changes and modifi- 
cations can be made within the spirit and scope of the 
present invention. Therefore to apprise the public of the 
scope of the present invention, the following claims are 
made. 



of the plurality of communication slots in the first 
carrier to available communication slots In the sec- 
ond communication carrier. 

5. The wireless communication system according to 
claim 2, wherein said changing means changes on- 
ly the communication slot which is determined un- 
usable by said determination means to an available 
communication slot of the second communication 
carrier. 

6. The wireless communication system according to 
claim 1 , wherein said changing means changes the 
communication slot which is determined unusable 
by said determination means to an available slot of 
the first communication carrier. 



Claims 

1. A wireless communication system including a first 
wireless communication apparatus and a second 
wireless communication apparatus which perform 
time division wireless communication, said system 
comprising: 

assigning means for assigning a series of data 
to a plurality of communication slots in a first 
communication carrier; 

communication means for communicating via 
the plurality of communication slots, assigned 
by said assigning means, in the first communi- 
cation carrier: 

determination means for determining that a 
communication slot out of the plurality of com- 
munication slots is unusable; and 
changing means for, when said determination 
means determines that a communication slot 
out of the plurality of communication slots is un- 
usable, changing the communication slot which 
is determined unusable by said determination 
means, at least, to another communication slot. 

2. The wireless communication system according to 
claim 1. wherein said changing means changes the 
communication slot which is determined unusable 
by said determination means to an available com- 
munication slot of a second communication carrier. 

3. The wireless communication system according to 
claim 2, wherein said changing means changes the 
communication slot which is determined unusable 
by said determination means to an available com- 
munication slot of the first communication carrier 
when no available communication slot is found in 
the second communication carrier. 

4. The wireless communication system according to 
claim 2, wherein said changing means changes all 



^ The wireless communication system according to 
claim 6, wherein said changing means changes the 
communication slot which is determined unusable 
by said determination means to an available slot of 
a second communication carrier when no available 
slot is found in the first communication carrier: 

B, The wireless communication system according to 
claim 1 . wherein said changing means temninates 
communication via the communication slot which is 
determined unusable by said determination means 
when no available communication slot is found, and 
continues communication via the remaining plural- 
ity of communication slots. 

9. A first wireless communication apparatus which 
performs time-division wireless communication 
with a second wireless communication apparatus, 
comprising: 

assigning means for assigning a series of data 
to a plurality of communication slots in a first 
communication carrier; 

communication means for communicating via 
the plurality of communication slots, assigned 
by said assigning means, in the first communi- 
cation carrier: 

determination means for determining that a 
communication slot out of the plurality of com- 
munication slots is unusable: and 
changing means for. when said determination 
means determines that a communication slot 
out of the plurality of communication slots is un- 
usable, changing the communication slot which 
is determined unusable by said determination 
means, at least, to another communication slot. 

10. The first wireless communication apparatus ac- 
cording to claim 9, wherein said changing means 
changes the communication slot which is deter- 
mined unusable by said determination means to an 
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available communication slot of a second commu- 
nication carrier. 

11. The first wireless communication apparatus ac- 
cording to claim 10, wherein said changing means 
changes the communication slot which is deter- 
mined unusable by said determination means to an 
available communication slot of the first communi- 
cation carrier when no available communication slot 
is found in the second communication carrier. 

12. The first wireless communication apparatus ac- 
cording to claim 10. wherein said changing means 
changes all of the plurality of communication slots 
in the first carrier to available communication slots 
in the second communication carrier. 

13. The first wireless communication apparatus ac- 
cording to claim 10, wherein said changing means 
changes only the communication slot which is de- 
termined unusable by said determination means to 
an available communication slot of the second com- 
munication carrier. 

14. The first wireless communication apparatus ac- 
cording to claim 9, wherein said changing means 
changes the communication slot which is deter- 
mined unusable by said determination means to an 
available slot of the first communication carrier. 

15. The first wireless communication apparatus ac- 
cording to claim 14, wherein said changing means 
changes the communication slot which is deter- 
mined unusable by said determination means to an 
available slot of a second communication carrier 
when no available slot is found in the first commu- 
nication carrier. 

16. The first wireless communication apparatus ac- 
cording to claim 9, wherein said changing means 
terminates communication via the communication 
slot which is determined unusable by said determi- 
nation means when no available communication 
slot IS found, and continues communication via the 
remaining plurality of communication slots. 

17. The first wireless communication apparatus ac- 
cording to any one of claims 9 to 16, comprising: 

reception means for receiving an instruction 
signal, from the second wireless communica- 
tion apparatus, indicative of changing a com- 
munication slot out of the plurality of communi- 
cation slots; and 

changing means for changing the communica- 
tion slot which is instructed to be changed, at 
least, to another communication slot on the ba- 
sis of the instruction signal received by said re- 



ception means. 

18. A communication method for a wireless communi- 
cation system including a first wireless communica- 

5 tion apparatus and a second wireless communica- 
tion apparatus which perform time-division wireless 
communication, said method comprising: 

an assigning step of assigning a series of data 
10 to a plurality of communication slots in a first 

communication carrier; 

a communication step of communicating via the 
plurality of communication slots, assigned in 
said assigning step, in the first communication 

IS carrier; 

a determination step of determining that a com- 
munication slot out of the plurality of communi- 
cation slots Is unusable; and 
a changing step of. when it is determined in said 

20 determination step that a communication slot 

out of the plurality of communication slots is un- 
usable, making the wireless communication 
system change the communication slot which 
is determined unusable in said determination 

25 step, at least, to another communication slot. 

19. The communication method according to claim 18. 
wherein, in said changing step, the communication 
slot which Is determined unusable in said determi- 
ne? nation step is changed to an available communica- 
tion slot of a second communication carrier 

20. The communication method according to claim 19. 
wherein, in said changing step, the communication 

35 slot which Is determined unusable in said determi- 
nation step is changed to an available communica- 
tion slot of the first communication carrier when no 
available communication slot is found in the second 
communication carrier. 

40 

21. The communication method according to claim 1 9, 
wherein, in said changing step, all of the plurality of 
communication slots in the first earner are changed 
to available communication slots in the second 

45 communication carrier. 

22. The communication method according to claim 1 9, 
wherein, in said changing step, only the communi- 
cation slot which is determined unusable in said de- 

50 termination step is changed to an available commu- 
nication slot of the second communication carrier. 

23. The communication method according to claim 18, 
wherein, in said changing step, the communication 

55 slot which is determined unusable in said determi- 
nation step is changed to an available slot of the 
first communication carrier. 



11 



21 



EP 0 895 437 A2 



22 



24. The communication method according to claim 23, 
wherein in said changing step, the communication 
slot which is determined unusable in said determi- 
nation step is changed to an available slot of a sec- 
ond communication carrier when no available slot 
is found in the first communication carrier. 

25. The communication method according to claim 18. 
wherein, in said changing step, communication via 
the communication slot which is determined unus- 
able in said determination step is terminated when 
no available communication slot is found, and com- 
munication is continued via the remaining plurality 
of communication slots. 

26. The communication method according in any one 
of claims 18 to 25, comprising : 

a reception step of receiving an instruction sig- 
nal, from the second wireless communication 
apparatus, indicative of changing a communi- 
cation slot out of the plurality of communication 
slots: and 

a changing means of changing the communi- 
cation slot which is instructed to be changed, 
at least, to another communication slot on the 
basis of the instruction signal received in said 
reception step. 

27. A communication method for a first wireless com- 
munication apparatus which performs time-division 
wireless communication with a second wireless 
communication apparatus, said method compris- 
ing: 

an assigning step of assigning a series of data 
to a plurality of communication slots in a first 
communication carrier; 

a communication step of communicating via the 
plurality of communication slots, assigned in 
said assigning step, in the first communication 
carrier; 

a determination step that of determining that a 
communication slot out of the plurality of com- 
munication slots is unusable: and 
a changing step of. when it is determined in said 
determination step that a communication slot 
out of the plurality of communication slots is un- 
usable, making the wireless communication 
system change the communication slot which 
is determined unusable in said determination at 
least, to another communication slot. 

28. The communication method according to claim 27, 
wherein, in said changing step, the communication 
slot which is determined unusable in said determi- 
nation step is changed to an available communica- 
tion slot of a second communication carrier 



29. The communication method according to claim 28, 
wherein, in said changing step, the communication 
slot which is determined unusable in said determi- 
nation step is changed to an available communica- 

5 tion slot of the first communication carrier when no 
available communication slot is found in the second 
communication carrier. 

30, The communication method according to claim 28, 
10 wherein, in said changing step, all of the plurality of 

communication slots in the first carrier are changed 
to available communication slots in the second 
communication carrier. 

IS 31. The communication method according to claim 26, 
wherein, in said changing step, only the communi- 
cation slot which is determined unusable in said de- 
termination step is changed to an available commu- 
nication slot of the second communication carrier 

20 

32. The communication method according to claim 27, 
wherein, in said changing step, the communication 
slot which is determined unusable in said determi- 
nation step is changed to an available slot of the 

25 first communication carrier 

33. The communication method according to claim 32, 
wherein, in said changing step, the communication 
slot which is determined unusable in said determi- 

30 nation step is changed to an available slot of a sec- 
ond communication carrier when no available slot 
is found in the first communication carrier 

34. The communication method according to claim 27 
35 wherein, in said changing step, communication via 

the communication slot which is determined unus- 
able in said determination step is terminated when 
no available communication slot is found, and com- 
munication is continued via the remaining plurality 
40 of communication slots. 

35. The communication method according to any one 
of claims 27 to 34, comprising : 

45 a reception step of receiving an instruction sig- 

nal, from the second wireless communication 
apparatus, indicative of changing a communi- 
cation slot out of the plurality of communication 
slots: and 

50 a changing means of changing the communi- 

cation slot which is instructed to be changed, 
at least, to another communication slot on the 
basis of the instruction signal received in said 
reception step. 

55 

36. A first wireless communication apparatus which 
performs time-division wireless communication 
with a second wireless communication apparatus. 
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comprising: 

assigning means for assigning a series of data 
to a plurality of communication slots in a first 
communication carrier; 

communication means for communicating via 
the plurality of communication slots, assigned 
by said assigning means, in the first communi- 
cation carrier; 

reception means for receiving an instruction 
signal, from the second wireless communica- 
tion apparatus, indicative of changing a com- 
munication slot out of the plurality of communi- 
calton slots : and 

changing means for changing the communica- 
tion slot which is instructed to be changed, at 
least, to another communication slot on the ba- 
sis of the instruction signal received by said re- 
ception means. 

37. The first wireless communication apparatus ac- 
cording to claim 36, wherein said changing means 
changes the communication slot which is indicated 
by the instruction signal to an available communi- 
cation slot of a second communication carrier. 

38. The first wireless communication apparatus ac- 
cording to claim 37, wherein said changing means 
changes the communication slot which is indicated 
by the instruction signal to an available communi- 
cation slot of the first communication carrier when 
no available communication slot is found in the sec- 
ond communication carrier. 

39. The first wireless communication apparatus ac- 
cording to claim 37, wherein said changing means 
changes all of the plurality of communication slots 
in the first carrier to available communication slots 
in the second communication carrier. 

40. The first wireless communication apparatus ac- 
cording to claim 37, wherein said changing means 
changes only the communication slot which is indi- 
cated by the instruction signal to an available com- 
munication slot of the second communication carri- 
er 

41. The first wireless communication apparatus ac- 
cording to claim 36, wherein said changing means 
changes the communication slot which is indicated 
by the instruction signal to an available slot of the 
first communication carrier. 

42. The first wireless communication apparatus ac- 
cording to claim 41, wherein said changing means 
changes the communication slot which is indicated 
by the instruction signal to an available slot of a sec- 
ond communication carrier when no available slot 



is found in the first communication barrier. 

43. The first wireless communication apparatus ac- 
cording to claim 36, wherein said changing means 

5 terminates communication via the communication 
slot which is indicated by the instruction signal when 
no available communication slot is found, and con- 
tinues communication via the remaining plurality of 
communication slots. 

10 

44. A communication method for a first wireless com- 
munication apparatus which performs time-division 
wireless communication with a second wireless 
communication apparatus, said method compris- 
es Ing: 

an assigning step of assigning a series of data 
to a plurality of communication slots in a first 
communication carrier; 
20 a communication step of making the wireless 

communication system communicate via the 
plurality of communication slots, assigned in 
said assigning step, in the first communication 
carrier; 

25 a reception step of receiving an instruction sig- 

nal, from the second wireless communication 
apparatus, indicative of changing a communi- 
cation slot out of the plurality of communication 
slots: and 

30 a changing means of changing the communi- 

cation slot which is instructed to be changed, 
at least, to another communication slot on the 
basis of the instruction signal received in said 
reception step. 

3S 

45. The communication method according to claim 44. 
wherein, in said changing step, the communication 
slot which is instructed by the instruction signal is 
changed to an available communication slot of a 

40 second communication carrier. 

46. The communication method according to claim 45, 
wherein, in said changing step, the communication 
slot which is instructed by the instruction signal is 

4S changed to an available communication slot of the 
first communication carrier when no available com- 
munication slot is found in the second communica- 
tion carrier. 

so 47. The communication method according to claim 45, 
wherein, in said changing step, all of the plurality of 
communication slots in the first carrier are changed 
to available communication slots in the second 
communication carrier 

55 

48. The communication method according to claim 45, 
wherein, in said changing step, only the communi- 
cation slot which is instructed by the instruction sig- 
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nal is changed to an available communication slot 
of the second communication carrier. 

49. The communication method according to claim 44. 
wherein, in said changing step, the communication 5 
slot which is instructed by the instruction signal is 
changed to an available slot of the first communica- 
tion carrier. 

50. The communication method according to claim 49, io 
wherein, in said changing step, the communication 
slot which is instructed by the instruction signal is 
changed to an available slot of a second communi- 
cation carrier when no available slot is found in the 
first communication carrier. 

51. The communication method according to claim 44, 
wherein, in said changing step, communication via 
the communication slot which is instructed by the 
instruction signal is terminated when no available 20 
communication slot is found, and communication is 
continued via the remaining plurality of communica- 
tion slots. 
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